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ABSTRACT
Sequence Stratigraphy of Campanian-Maastrichtian Strata in Eastern Alabama
by David Thomas Simmons
August 2018
Eastern Alabama is an area of interest due to the transition from the Gulf Coastal
Plain to the Atlantic Coastal Plain. Coastal Plain investigations have been sparse
compared to research conducted in the oil rich areas down dip in the Gulf of Mexico. A
sequence stratigraphic framework using the T-R cycle methodology of Embry (2002) has
been established by integrating surface and subsurface lithologic data with
biostratigraphic zonations into Petra ®. High sedimentation from the ancestral
Chattahoochee River and lower relative sea-level formed an additional depositional
sequence within the Santonian-Campanian aged Blufftown Formation in eastern
Alabama. The sequence is approximately late Santonian to early Campanian age and
occurs in the sandier basal Blufftown Formation. The late Santonian to early Campanian
aged sequence is also marked by sandy concretions in the outcrops. The contact between
the Blufftown Formation and the Cusseta Sand is only a facies boundary and not a
sequence boundary. There is a sequence boundary in the mid-Campanian Cusseta Sand
characterized by sediment bypass and an unconformity. The lower-middle Campanian in
eastern Alabama had lower relative sea-level and sediment bypass, which contributed to
formations being diachronously deposited throughout the Coastal Plain of Alabama. The
Arcola Limestone Member and time-equivalent strata identified in eastern Alabama show
the differing sediment accumulation rates between the outcrop belt and downdip within
ii

the same formation. The occurrence of the V. quadrialira, A. plummeri, and R. calcarata
Taxon Range Zones has been integrated into the sequence stratigraphic framework in
eastern Alabama. The stratigraphic placements of these useful ostracod and planktonic
foram taxon range zones show major depositional variations in the timing of Cretaceous
sequence stratigraphic units in central to eastern Alabama. This work has contributed to a
better understanding of Upper Cretaceous Gulf Coastal Plain deposition in eastern
Alabama.
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CHAPTER I - Introduction
Introduction
The goal of this research is to identify the depositional sequences of Upper
Cretaceous stratigraphic units in eastern Alabama and to correlate these sequences with
offshore sections in central Alabama. The study area includes Barbour, Russell and
Bullock Counties, Alabama (Fig. 1). Measured sections and their accompanying
biostratigraphic and lithologic data have been collected. This data was combined with
previous geologic data from field guides and publications. A variety of data sources
including geophysical well logs, lithologic descriptions and geologic maps (Fig. 2) were
utilized because surface stratigraphy data in the eastern Alabama Coastal Plain is difficult
to obtain due to high erosional rates and low topographic relief.

Figure 1. Map of the study area.
1

Figure 2. Geologic map of study area.
(modified from Szabo et al., 1988).

Intellectual Merits

Eastern Alabama is an area of interest due to the transition from the Gulf Coastal
Plain to the Atlantic Coastal Plain. This research is a continuation of the methods of
Mancini and Puckett (2005), and it defines an integrated sequence stratigraphic
framework for the shallow marine strata of eastern Alabama. Doing this makes it possible
to correlate sequences around the northeastern edge of the Northern Gulf of Mexico to
2

present day northern Mississippi. When sequences boundaries do not correspond with
global eustatic sea-level curves, it indicates possible tectonic or sediment supply
deviations influenced changes in stratigraphy. There are considerable differences in
lithology and sequences in time-equivalent strata around the Gulf of Mexico basin edges.
A more detailed and accurate stratigraphic framework for eastern Alabama improves our
understanding of Upper Cretaceous geology.
T-R Cycles
Previous interpretations of the sequence stratigraphy in eastern Alabama have led
to disagreements with regards to system tract locations, sequence and stage boundaries
and paleoenvironmental interpretations. Sequence stratigraphy is based on identifying a
relatively conformable succession of related strata where the lower and upper boundaries
are unconformities or correlative conformities (Vail et al., 1977). A sequence
stratigraphic framework for eastern Alabama has not been established using the
transgressive-regressive (T-R) method of Embry (2002). Embry’s methodology revised
the problems of the previous model in determining the location and termination of the
sequence boundary.
Embry (2002) discussed the merits of the T-R cycle approach defining a
sequence as the highstands systems tract (HST) being deposited upon a transgressive
systems tract (TST) separated by a maximum flooding surface (MFS). During times of
sluggish sea-level and high sediment influx, an aggregational (AGR) interval occurs. The
maximum regressive surface (MRS) is used as the correlative conformity or
unconformity and is the sequence boundary in Embry’s model. The MRS is only
recognized in marine strata and it is an useful surface for correlation. Both the MFS and
3

MRS are time transgressive being formed later in offshore areas. Embry’s (2002)
sequence stratigraphic methodology places the unconformity on the sequence boundary
and allows for the correlative conformity to be objectively determined.
T-R cycles were used to define the sequence stratigraphy due to the study area
being near shore facies, thus the absence of lowstand systems tracts (LST). In the original
sequence stratigraphic models proposed by Vail et al. (1977) and other models that are
generally accepted today, the lowstand systems tract is defined seismically as extending
either below the edge of the continental shelf or in incised valleys on continental shelves
during eustatic sea level lows. This model, however, does not account for the
accumulation of non-marine sediment on continental crust. Embry’s (2002) model also
doesn’t differentiate sequences between type 1 and 2. By eliminating the LST and type 1
and 2 depositional sequences and by identifying the sequence boundary as a timetransgressive unit, sequences are more accurately defined for maximum utility.
The Embry (2002) model differs in considering the relative direction of sediment
accumulation, being either backstepping due to accommodation exceeding sediment
supply, aggradation due to an equilibrium between the generation of accommodation
space and rate of sediment supply and infilling due to a sediment supply exceeding the
accommodation space. In the present context, this can help resolve questions regarding
stratigraphic sections that occur between subaerial unconformities and marine
transgressive surfaces.
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Potential Problems
The global markers for the Santonian-Campanian and Campanian-Maastrichtian
stage boundaries do not appear in eastern Alabama, making it difficult to identify the
exact stage boundaries. The defining marker for the Santonian-Campanian has been
proposed at the extinction of the crinoid Marsupites testudinarius (Hampton et al., 2007).
The planktonic foraminiferal Dicarinella asymetrica Taxon Range Zone in Alabama
closely approximates the Santonian-Campanian boundary (Puckett, 2005). The current
Campanian-Maastrichtian boundary is marked by the lowest occurrence surface of the
ammonite Pachydiscus neubergicus in a quarry in France (Odin, 1995). This marker is
significantly younger than the proxy marker of the highest occurrence of Radotruncana
calcarata (Mancini and Puckett, 2005), which was used as the marker for many years by
foraminiferal specialists. There is not a full range or abundance of macrofossils;
therefore, planktonic foram and ostracod data were used for correlation in eastern
Alabama. Robaszynski et al. (1984) established the Upper Cretaceous planktonic foram
zones used for this study. Stage and sequence boundaries are not always the same
surface so the lack of certain biostratigraphic zonations in eastern Alabama does not
significantly hinder age dating sequence boundaries.

5

Hypotheses and Research Questions
Research Questions
•

What is the relationship between lithostratigraphy and sequence stratigraphy in
the Upper Cretaceous strata of eastern Alabama?

•

How will the sequence stratigraphy of eastern Alabama compare to central
Alabama and northeastern Mississippi?

Hypotheses
•

Lithostratigraphic and sequence stratigraphic boundaries will not be the same in
eastern Alabama.

•

Because of the more nearshore depositional environment in eastern Alabama,
higher order sequences or parasequences will be observed.

6

CHAPTER II – Literature Review
Previous Research
Hilgard (1860) first subdivided Upper Cretaceous strata of the Gulf Coastal Plain,
describing the Eutaw, Rotten Limestone, and Ripley deposits in Mississippi. Smith and
Johnson (1887) defined Upper Cretaceous strata in western Alabama by describing the
lithologic changes in outcrops down the Tombigbee and Alabama Rivers. Smith and
Johnson (1887) defined four units: Tuscaloosa, Eutaw, Rotten Limestone and Ripley in
the Upper Cretaceous strata of western Alabama. Veatch’s (1909) report on the Coastal
Plain of Georgia further subdivided the Ripley Formation describing the Blufftown Marl
overlain by the Cusseta Sand Member of the Ripley.
Stephenson and Monroe (1938) used macrofossil markers in eastern Alabama and
traced these across the Coastal Plain. The oyster Exogyra was particularly useful for
biostratigraphy and helped with formational placements. The most important and useful
fauna zones of Exogyra are the Santonian-Campanian Exogyra ponderosa and the
Maastrichtian Exogyra costata. Stephenson and Monroe (1938) also noted the presence
of unconformities in the Upper Cretaceous due to changes in sea-level. The four
stratigraphic breaks are the Tuscaloosa-Eutaw contact, Tombigbee Sand-Selma contact,
above the Arcola Limestone Member and Selma- Prairie Bluff Chalk contact. Monroe
and Stephenson also noted the chalk to marl facies change from central to eastern
Alabama and its significance for identifying paleogeography.
Eargle (1950) updated the geologic map in eastern Alabama and defined the
lower, sandier Perote Member of the Providence Sand. Eargle observed the cyclic nature
of deposition describing coarsening and fining upwards sequences. Eargle also associated
7

lithology and fossil content with depositional environment noting that coarse sands that
contained shark’s teeth were deposited in shallow water and usually follow a stratigraphic
break. Concretion patterns in the strata were vital to Eargle’s geologic study in correlated
beds across strike and he correlated these beds across eastern Alabama all the way to the
Chattahoochee River. Scott’s (1961, 1964) groundwater assessments of eastern Alabama
provided subsurface data and preliminary structural contour and isopach maps.
Copeland’s (1968) field guide identified the chalk to marl facies change in the
Selma Group from central to eastern Alabama. Copeland also updated the faunal ranges
of Exogyra and noted that the Exogyra cancellata subzone interval occurs in the basal
Ripley Formation in eastern Alabama (Fig.3). Cepek et al. (1968) contributed to the
Alabama Geological Society field guide by preparing detailed descriptions of calcareous
plankton biostratigraphic zones in the Upper Cretaceous formations of Alabama. Cepek
et al. (1968) referenced the planktonic forams zonations on recent work by Pessagno
(1967) in the western Gulf Coast Coastal Plain and proposed that because of the
exceptional preservation and continuous exposures along the Alabama River that central
Alabama should be a reference standard for interbasin correlation.

8

Figure 3. Historical correlation chart showing faunal zones.
(modified from Copeland, 1968).

Reinhardt and Gibson’s (1980) GSA field trip guidebook synthesized all the
previous research in the area. Reinhardt’s (1980) facies investigation found that
deposition was influenced by an east-west trending Late Cretaceous shoreline and that
marginal marine facies transitioned into deeper marine facies towards central Alabama.
Continental facies are restricted to the Tuscaloosa Group in Alabama, although
continental facies are prevalent in other stratigraphic units east of the study area.
Reinhardt used the facies data to produce a sea-level fluctuation curve for the
Chattahoochee Valley. Reinhardt (1980) interpreted that depositional cycles in eastern
Alabama resulted from rapid transgression followed by progradation, by either increased
9

sediment rates or gradual sea-level drop. Sohl and Smith (1980) integrated existing
information on molluscan ranges with microfossil groups to establish age assignments in
eastern Alabama. Sohl and Smith noted that biostratigraphic correlation is difficult in
eastern Alabama due to abrupt lateral and updip-downdip facies changes.
Donovan (1985) continued the work of Reinhart and Gibson (1980) by defining
the sequence stratigraphic framework for the Maastrichtian-aged Providence Sand.
Donovan (1985) divided the Providence Sand into two distinct facies, A and B. Facies A
contains bioturbated muds and fine-grained sands and represents marine intervals, and
facies B contains cross-stratified, fining upwards sands deposited in a marginal marine
environment. Donovan (1985) concluded that the Providence is bounded by transgressive
unconformities and was deposited during a relative sea-level highstands. Donovan (1985)
also interpreted the Planters Landing beds in the Chattahoochee River Valley as incised
valley fill deposited during a LST in the upper Ripley Formation.
King (1994) researched depositional systems and causes of facies changes in
eastern Alabama stratigraphy to correlate depositional sequences with eustatic sea level
changes. He interpreted that Upper Cretaceous deposition in eastern Alabama generally
agrees with the global depositional model of Haq et al. (1988) with some exceptions,
such as the upper Blufftown-Mooreville interval. In eastern Alabama, King (1994)
recognized a HST in the Upper Blufftown-Mooreville interval where global depositional
models indicate the raising of sea-levels. King (1994) attributes the depositional
deviation in the Upper Blufftown-Mooreville interval to the intense interaction between
the North American and Farallon Plates.
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Lui (2007) studied the sequence stratigraphy, cyclostratigraphy, and
biostratigraphy of the Mooreville Chalk in western Alabama. Lui based his research on
outcrop and core information from the outcrop belt in western Alabama downdip to the
offshore Gulf of Mexico. The chalk and marl depositional cycles that were identified in
the Mooreville Chalk were attributed to Milankovitch cycles. These are the long
eccentricity (413 ka) and eccentricity (100 ka) cycles. Lui (2007) identified two
condensed sections in the Mooreville Chalk. The lowermost section identified by
geophysical reflection data shows a downlap in the subsurface. Lui (2007) interpreted the
Santonian flooding event to occur at the Tombigbee Sand-Mooreville contact in western
Alabama and at the Mooreville tongue in eastern Alabama. The upper condensed section
of the Mooreville Chalk is a marine fauna abundance peak and a chief bathometric
surface that was deposited during sea level rise and low sediment input (Lui, 2007).
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Figure 4. Integrated stratigraphic work from the northeastern Gulf of Mexico.
References from figure found in cited reference (from Mancini and Puckett, 2005).

Puckett’s (2005) research on Late Cretaceous biostratigraphy of planktonic
forams and ostracods set the basis for this research. Mancini and Puckett (2005)
established four T-R cycles in the Upper Cretaceous using an integrated sequence
stratigraphic and biostratigraphic approach. Mancini and Puckett (2005) defined regional
sequence boundaries in western Alabama and Mississippi but not in eastern Alabama
(Fig. 4). The integrated sequence stratigraphic and biostratigraphic work of this thesis is
the continuation of their methods and builds on that work to include the near-shore units
of eastern Alabama.
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Geologic Setting
The Gulf of Mexico is a Late Triassic basin that began to rift during the breakup
of Pangea. The lack of Early Triassic sediments in the basin indicates that the
supercontinent of Pangea did not begin to drift apart until the Late Triassic (Pindell,
1985). Widespread extensional tectonics and a system of grabens and half-grabens in the
Gulf of Mexico influenced rifting (Harry and Londono, 2004). Initially, the basin was
characterized by closed oceanic circulation as evidenced by Jurassic evaporite deposits in
margins but by the Middle Jurassic, the basin was essentially open (Buffler and Sawyer,
1985). The Gulf of Mexico during the Mesozoic was much larger than present day as the
shoreline has been prograding basinward until present.
Spreading ceased in the Gulf of Mexico during the Late Cretaceous and the study
area was along a passive margin coast. There was no significant structural deformation
occurred in the Late Cretaceous in eastern Alabama with sediments being deposited along
a gently sloping shelf (Martin, 1978). Deposition in eastern Alabama was related to a
Gulf-ward trending arc that was deposited throughout Mississippi to the head of the
Mississippi Embayment in southern Illinois (Sohl et al., 1991). The Mississippi
Embayment is characterized as an asymmetrical synclinal structure that plunges towards
the gulf (Wood and Walper, 1974). The northern Gulf of Mexico was volcanically active
during the Late Cretaceous and includes the Jackson Dome west of the study area, but no
volcaniclastic sediments or igneous rocks are found in the study area. In the study area,
clastic sediments were generally deposited in an east-west trend with a southward dip at a
rate of 35 ft./mi. (King, 1994). The facies in eastern Alabama range from fluvial to
marine, becoming more marine in a western and downdip trend (Copeland, 1968). In
13

eastern Alabama, the Appalachian Mountains was a major source of sediments for the
ancestral Chattahoochee River (Donovan, 1985). Changes in sediment supply and
migration of the Chattahoochee River delta heavily influenced depositional environments
during the Late Cretaceous due to deltaic changes which diverted sediments in different
directions (Donovan, 1985).

Figure 5. Upper Cretaceous paleogeography for the eastern Gulf Coastal Plain.
(from Mancini et al., 1996)
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CHAPTER III - Methods
Data Collection
Data for an integrated sequence stratigraphic analysis for this thesis came from
surface outcrops (O), subsurface geophysical logs (GP), sample cores and historical data
(GW and L). Outcrop surface data has been collected by T.M. Puckett over the last 20
years. Outcrops in eastern Alabama have been measured, and samples have been
analyzed for macrofossils, microfossils and in a few cases nannofossils. Outcrop analyses
have identified four planktonic foraminiferal zones and five ostracod zones, most of
which has not been published (Table 1). The biostratigraphic zonations occur in the
relatively restricted marine zones. Marginal marine and continental facies do not have
biostratigraphic data usable to date sequence boundaries for this study. Ostracod and
planktonic foram zones occur in marine units and are a tool for temporal and
paleoenvironment analysis.
Weathering of the semi-consolidated sediments has eroded outcrops making the
need for using old guidebooks necessary. Previously published measured sections came
from Reinhardt and Gibson (1980), and Smith (1995) and they provided useful lithologic
and fossil data (Table 2). Sample, spontaneous potential (SP), gamma ray (GR) and
resistivity (R) logs from the Alabama Geological Survey were used to show formation
thicknesses and lithologic changes in the subsurface (Tables 2 and 3). Formation
boundary identification comes from the published literature and interpretation of log
characteristics by the author.
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Table 1 Data from outcrops
Outcrops
1 14-5-30-1
2 14-5-30-2
3. 14-5-31-1
4. 14-6-1-1
5. 91-8-13-2
6. 93-6-10-2
7. 2000 6-19-1
8. 2000-6-19-2
9. 92-5-8-3
10. 93-6-11-3
11. 14-5-29-1
12. 91-8-14-1
13. 14-5-28-1
14. 90-3-20-1
15. 17-6-7-2
16.2000-6-20-1
17. 14-5-31-2
18. 17-6-7-1
19. 17-6-8-1
20. 17-6-8-2
21. 17-6-8-3
22. 17-6-8-4
23. 17-6-8-5

Elevation (FT) Thickness (FT) Formation
213
15 Blufftown
235
10 Blufftown
210
25 Blufftown
293
20 Blufftown
415
15 Blufftown
392
35 Blufftown
210
25 Blufftown
195
20 Blufftown
282
5 Cusseta Sand
220
15 Cusseta Sand
235
20 Cusseta Sand
403
10 Providence
317
3 Providence
447
27 Bluffttown
240
50 Blufftown
295
20 Blufftown
323
10 Blufftown
450
30 Blufftown
200
10 Cusseta Sand
195
5 Blufftown
200
10 Blufftown
200
10 Blufftown
195
5 Cusseta Sand

Ostracod Zone
Ascetoleberis plummeri
NONE
NONE
NONE
Ascetoleberis plummeri
Ascetoleberis plummeri
Veenia quadrialira
NONE
Escharacytheridea pinochii
Escharacytheridea pinochii
Bicornicythereis communis
NONE
NONE
Ascetoleberis plummeri
NONE
Veenia quadrialira
NONE
NONE
NONE
NONE
NONE
NONE
NONE

Planktonic Foram Zone
NONE
NONE
NONE
Dicarinella asymetrica
NONE
NONE
NONE
NONE
NONE
Radotruncana calcarata
Radotruncana calcarata
Floricythereis lixula
NONE
Globotruncana ventricosa
NONE
Ventilabrella eggeri
NONE
NONE
NONE
NONE
NONE
NONE
Radotruncana calcarata

Table 2 Data from sample wells/guidebooks

Sample wells and outcrops Elevation (FT) Depth (FT) Formation at Top
1.W-3. Richard Comer
428
938 Ripley
2. H-15. Bradley Benevolent
355
404 Blufftown
3. I-5. I.C Davis
462
152 Blufftown
4. L-5. Chavalla School
360
348 Blufftown
5. M-7. H.H Puryear
336
391 Blufftown
6. N-2. A.B Carroll
323
415 Blufftown
8. O-6. Hurtsboro
345
1105 Blufftown
9. T-1. Saint Josephs
374
711 Blufftown
10. M-2. James Sims
415
935 Blufftown
11. M-8 A.G Simmons
550
918 Blufftown
12. Localty 65
450
78 Tuscaloosa
13. Locality 48
500
72 Eutaw
14. Locality 50
415
39 Eutaw
15. Locality 83
400
42 Blufftown
16. Locality 585
450
39 Blufftown
17. Locality 113a
415
62 Blufftown
18. Locality 113
385
121 Providence
19. Smith Arcola
355
12 Mooreville
16

Table 3 Data from geophysical well logs

Geophysical Well Logs
1. City of Eufaula
2. Eufaula Radar Station
3 Cowikee Fire and Water
4. Rest Area 2
5. Town of Clio
7. Eufaula Air Force
8. Test Hole #1
9. EVA Comer
10. Rest Area 1
11. L.D Warren'
12. T.R Grubbs
13. S.J Dismukes
14. City of Union Springs
15. J.L Harris
16. Gholson
17. Sorrell
18. Schussler
19. George Harrison
20. Ethel B. Gholston
21. Pickett
22. W.S Creel
23. Harbinson Williams
24. Beaty Farm
25. 10-17-75
26. Test Hole 2
27. Bullock 1
28. Mt Carmel
29. Texasville

Elevation (FT) Depth (FT) Formation at Top
250
1318 Providence
470
650 Providence
440
600 Cusseta
355
635 Providence
501
2000 Clayton
470
1730 Providence
270
1670 Providence
352
967 Cusseta
373
600 Clayton
386
1000 Ripley
647
3200 Providence
250
1700 Ripley
492
1100 Cusseta
508
1150 Cusseta
310
1700 Selma
550
2600 Ripley
520
2000 Ripley
515
1250 Ripley
274
1714 Selma
425
2423 Ripley
504
5000 Clayton
338
570 Providence
539
710 Clayton
540
768 Clayton
665
1500 Ripley
542
879 Ripley
452
2714 Clayton
500
2000 Clayton
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Methods

Figure 6. Map of study area with data locations.
Location Key: Red- Geophysical Well Log, Green-Outcrop, Blue-Sample Well. Map produced using Petra.

All the data was entered into the geologic software package Petra® to produce
cross-sections, structural contour maps, and isopach maps to be used for correlation
(Fig.6). Petra allows for visualization of Upper Cretaceous strata in a modern software
package. Geophysical logs have been normalized to the same value to avoid problems
with different log scales. The values used are -40 to 160 for SP logs and 0 to 100 for GR
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and R logs. Grids for structural contour and isopach maps were made using Petra’s
gridding algorithm to be consistent in results. Structural contour maps project measured
sections above a datum level to define structures in the subsurface. The Eutaw Formation
top is used as a structural datum to find the elevations of overlying formations and
sequence boundaries. Isopach maps show changes in the thickness of formations in the
strata. These maps and cross sections helped identify the sequence boundaries that
formed the framework for answering the questions of this research. Then, ostracod and
planktonic foraminiferal biostratigraphic zones were integrated into the structural
framework, which is necessary for correlation in the Coastal Plain.
Geophysical well logs (GP) were given a number to abbreviate the title above
each well (Fig. 7). Below the well title is the elevation of the well in feet. The datum for
used for eastern Alabama is mean sea level (MSL) which is 0 subsea depth in Petra (Fig.
7). Due to the use of shallow wells that have sections above MSL, interpretations and
features are identified using subsea depth (SSD) where positive value indicate feet above
sea level and negative values feet below sea level. Individual geophysical well logs are
referenced by their Kelly Bushing (KB) depth. Geophysical SP and GR logs are used to
identify sequence boundaries by a deflection which indicates a change in lithology (Fig.
7). A negative or left deflection indicates a change from fine to coarse grain size and a
drop in sea-level and could be the MRS (Fig.8). A positive or right deflection shows a
change from coarse to fine-grained sediments and a flooding event shown by the MFS
(Fig. 7). A high resistivity signature with a negative SP deflection indicates a sandy
interval and possibly a sequence boundary.
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Figure 7. Sequence boundary identification example.
Log Curve Key: Black= SP, Green= GR, Red= R. Scales not shown. Formations shown in the column to the right of the well.

20

CHAPTER IV – Upper Cretaceous Stratigraphy
Stratigraphic Units
Tuscaloosa Group
First described by Smith and Johnson (1887) near Tuscaloosa, Alabama, the
Turonian Tuscaloosa Group contains mostly arkosic sands and gravels with a small
amount of clay (Eargle, 1950). The Tuscaloosa Group was deposited mainly in fluvial
continental environments (Reinhardt, 1980). The thickness of the Tuscaloosa Group
ranges from 50 feet in the outcrops thickening downdip to over 700 feet in eastern
Alabama (Scott, 1964). The Tuscaloosa Group is divided into the lower Coker
Formation, middle marine shale, and the upper Gordo Formation. The Coker Formation
is part of the Lower Tuscaloosa in eastern Alabama and is described as alternating layers
of sand and clay (Cook et al., 2013). The middle marine shale marks a transgression
between the Coker and Gordo Formations and is only located in the subsurface in the
more downdip areas. The Tuscaloosa is undifferentiated in the more eastern sections of
the study area. Below the Coker Formation in eastern Alabama are Paleozoic rocks
marking the bottom of the Cretaceous section.
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Figure 8. Stratigraphic column for eastern Alabama.
(modified from Cook et al., 2013).

Eutaw Formation
The Santonian Eutaw Formation unconformably overlies the Tuscaloosa Group
and consists of mainly thinly bedded sands and clays in eastern Alabama (Smith, 1989).
The Eutaw Formation was described by Hilgard (1860) near Eutaw, Alabama as the sand
and clay below the rotten limestone (Smith and Johnson, 1887). The Eutaw Formation is
a lithologically heterolithic unit deposited in shallow marine and marginal marine settings
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(Bingham et al., 2008). Abundant macrofossils occur within parts of the Eutaw
Formation. The Eutaw Formation was diachronously deposited in a barrier island system
model and thins in an eastward trend (Frazier and Taylor, 1980). In the downdip areas of
eastern Alabama, the Eutaw Formation thickens to 300 feet due to the migration of a
barrier island system (Fig. 9). The top of the Eutaw is an important marker in identifying
structural features in the region due to the transition from marginal marine and aggrading
intervals to deeper marine deposition (Fig. 10). The fluvial-marginal marine Eutaw and
Tuscaloosa Formations will not be emphasized in establishing a sequence stratigraphic
framework in eastern Alabama.

Figure 9. Eutaw Formation depositional model in eastern Alabama.
(from Frazier and Freeman, 1983).
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Blufftown Formation
The Santonian-Campanian Blufftown Formation conformably overlies the Eutaw
Formation in eastern Alabama and ranges in thickness from 400-600 feet. In central
Alabama, the Blufftown transitions into the Mooreville and Demopolis Chalks. The
Blufftown Formation was described by Veatch (1909) for strata between the Eutaw
Formation and the overlying Ripley Formation as observed near the settlement of
Blufftown on the Chattahoochee River. The Blufftown Formation primarily consists of
dark-gray micaceous marl with abundant aragonitic macrofossils. The formation
transitions from a sandier basal section to a marl-rich upper section. The boundary
between these sections marks a prominent sequence boundary. The Blufftown Formation
includes a variety of fossiliferous clastic and chemical sediments deposited in marginalmarine and marine facies (Reinhardt, 1980). The Blufftown Formation’s lithologic
heterogeneity makes biostratigraphic data necessary for identifying sequence boundaries.
The top of the Santonian Stage 83.5 Ma is in the basal section of the Blufftown
Formation. The Dicarinella asymetrica Taxon Range Zone range is of Santonian age and
occurs in the lower Blufftown Formation (Puckett, 2005). The top of the D. asymetrica
Taxon Range Zone is the preferred event to delineate the top of the Santonian Stage
boundary and closely approximates at the last occurrence of the crinoid Marsupites
testudinarius (Puckett, 2005). The ostracod Veenia quadrialira Taxon Range Zone occurs
in lower to middle Blufftown Formation in eastern Alabama. Veenia quadrialira is
restricted to shallow marine paleo-environments (Puckett, 2005). The ostracod
Ascetoleberis plummeri Taxon Range Zone occurs the uppermost part of the Blufftown
Formation in eastern Alabama.
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Figure 10. Blufftown Formation isopach map.
Map made using Petra.

Mooreville Chalk
The Mooreville Chalk was given formational rank by Stephenson (1917) based on
exposures at its type locality in Lee County, Mississippi. The Campanian Mooreville
Chalk crops out in the western part of the study area in Bullock County and conformably
overlies the Eutaw Formation and conformably overlies the lower Blufftown in eastern
Bullock County. The Mooreville Chalk thins in an eastward trend eventually pinching out
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in eastern Bullock County. The Mooreville Chalk interfingers with the Blufftown
Formation in Bullock and Russell Counties. The Mooreville Chalk is not a pure chalk in
eastern Alabama, but consist of gray silty chalk and marl interbedded with thin layers of
limestone. There is an east-west trending facies change in the Blufftown-Mooreville
Chalk Formations in Alabama (Copeland, 1968). The Mooreville Chalk represents farther
offshore deposition compared to the Blufftown Formation (Mancini et al., 1996). The
Mooreville Chalk was deposited during Puckett’s (2005) T-R K6 cycle, which was
during a time of high eustatic sea-levels according to Haq et al. (1988). All but the upper
50 feet of the Mooreville Chalk is equivalent to the Blufftown Formation (Copeland,
1968).
Arcola Limestone Member
The Arcola Limestone Member described by Stephenson and Monroe (1938) is a
thin (<30ft) dense limestone unit and is the most useful time synchronous lithologic unit
spanning across Alabama and Mississippi. Smith (1995) noted the presence of tiny
calcisphere indurated beds caused by periodic blooms of algae cysts. The upper section of
the Mooreville Chalk consists of the Arcola Limestone Member with its limestone beds
interbedded with chalky marl (Lui, 2007). The Arcola Limestone pinches out in east
Alabama. However, a time equivalent section on the Upper Blufftown-Mooreville has
been recognized due to the occurrence of Ascetoleberis plummeri (Puckett, 2005).
Demopolis Chalk
The Campanian Demopolis Chalk overlies the Mooreville Chalk and thins out in
an eastward trend before merging into the Cusseta Sand. The Demopolis Chalk was first
described by Monroe (1941) based on the type locality on the Tombigbee River located
26

in Marengo County, Alabama. The Demopolis Chalk in eastern Alabama is like the
Mooreville Chalk in that it is not a pure chalk but a marl in eastern Alabama. The
Demopolis Chalk occurs in the far western edge of the study in western Bullock County.
Cusseta Sand
The Campanian Cusseta Sand conformably overlies the Blufftown Formation in
eastern Alabama. Veatch (1909) first described the Cusseta Sand further subdividing the
Ripley Formation when describing the Coastal Plain in Chattahoochee County, Georgia.
The Chunnennuggee Hills, which extend from Union Springs to the Chattahoochee
River, is the physical expression of the cuesta systems formed by the basal Cusseta Sand
(Stephenson and Monroe, 1938). Copeland (1968) described the lithological change in
the Cusseta Sand as a coarse-grained basal section that grades upward into clayey, finegrained micaceous sand.
The Radotruncana calcarata Taxon Range Zone occurs across a wide range of
marine facies and is particularly useful because of its short range, occurring in only a 30foot stratigraphic interval from northern Mississippi to eastern Alabama (Puckett and
Mancini, 1998). In far eastern Alabama, R. calcarata occurs in the sandy marl of the
Cusseta Sand (Puckett, 2005).
Ripley Formation
The Late Campanian Ripley Formation marks the top of the Selma Group in the
Gulf Coastal Plain. The Ripley crops out across the states of Alabama and Mississippi.
The Ripley conformably overlies and interfingers with the Cusseta Sand in eastern
Alabama. Hilgard (1860) first identified the Ripley Formation as the rocks between the
rotten limestone and Tertiary deposits in Mississippi noting the clastic lithology of the
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Ripley. The Ripley is a relatively homogenous micaceous, massive fine sand (Eargle,
1950). The Ripley Formation can be a highly fossiliferous unit containing a wide array of
calcareous nannofossils and marine aragonitic fossils (Reinhardt and Gibson, 1980). Due
to the marginal marine and continental facies and lack of a sequence boundary, the
Ripley Formation is not a major focus of the integrated sequence stratigraphic framework
in eastern Alabama.
Providence Sand
The Maastrichtian Providence Sand crops out in an east-west trend, is roughly
250 feet thick in eastern Alabama and unconformity rests upon the Ripley Formation
(King and Skotnicki., 1991). Outcrops of the Providence show it to be a fine glauconitic
sand. Donovan (1985) determined that facies and thickness variations occur across strike
in eastern Alabama were due to depositional patterns. The Providence was deposited
during a period of low global sea levels 67-68 Ma (Haq et al., 1988). The Providence is
divided into the courser grained basal Perote Member and the finer grained unnamed
upper member (Eargle,1950). The ostracod Floricythereis lixula Interval Zone occurs in
the upper member of the Providence Sand. This horizon occurs immediately below the
Cretaceous-Paleogene (K-Pg) boundary in both areas.
Clayton Formation
The Paleogene-aged Clayton Formation unconformably overlies the Providence
Sand, forming the K-Pg boundary. The Clayton Formation is lithologically heterolithic
but consists mostly of coarse-grained sediments representing lower sea-levels after the
Cretaceous (Savrda, 1991). The base of the Clayton Formation marks the top of the study
section.
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CHAPTER V -Results
Eastern Alabama Sequence Stratigraphy
An integrated sequence stratigraphic framework was established in eastern
Alabama (Fig. 11). The T-R cycle methodology of Embry (2002) integrated with new
biostratigraphic data has improved the understanding of Upper Cretaceous stratigraphy in
eastern Alabama.

Figure 11. Transgressive-regressive cycles, lithostratigraphy, measured sections, and
biostratigraphy in the Eastern Alabama composite section.
No scale shown.
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T-R 6A Cycle

Figure 12. Structural contour map of the top of the Eutaw Formation.
Map was produced using Petra.

The marginal marine Eutaw Formation is characterized by distinctive heterolithic
units and stacking patterns. While the thickness of the Eutaw ranges from 150-250 feet,
the location of the Eutaw Formation top does not signifiacantly change (Fig. 12). Frazier
and Freeman (1983) interpreted that the Eutaw was deposited in a barrier-shoreline
environment during a transgression with limited regression during the late-Santonian.
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King (1990) identified one stratigraphic break in the Eutaw Formation, describing a
lower shoreface facies overlaid by a barrier bar facies deposited during a maximum
eustatic highstand. Previous research and geophysical logs show that an additional T-R
cycle occurred during Eutaw Formation deposition in eastern Alabama.
T-R 6B Cycle

Figure 13. Locality 83.
Locality 83 shows the Blufftown Formation during T-R 6B in Russell County.

The sequence boundary for T-R 6A is also the Eutaw-Blufftown lithostratigraphic
contact. The oldest outcrop described for this study is outcrop 14-6-1-1, which is a sandy
marl and contains both E. ponderosa and D. asymetrica. The structural contour map
shows that outcrop 14-6-1-1 is 70 feet above the Eutaw-Blufftown boundary and is in the
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TST of sequence 6B. Both D. asymetrica and V. quadrialira occur together in eastern
Alabama at Locality 83 (Fig. 13) in Russell County, indicating late Santonian age.
Locality 83 (Fig. 13) is marked by a fining upward sequence and is located just below the
MFS of T-R 6B. The uppermost occurrence of D. asymetrica is 160 feet above the base
of the Blufftown lithostratigraphic boundary (Fig. 11). Dicarinella asymetrica occurs at
outcrop 14-6-1-1 and Locality 83, marking the time of deposition of 85-84.5 Ma and
Santonian age (Puckett, 2005). Veenia quadrialira occurs at outcrop 14-5-31-1, which is
225 feet above the Eutaw-Blufftown contact, whereas the top of D. asymetrica is only
160 feet above the Eutaw-Mooreville contact in eastern Alabama, indicating that the
highest occurrence of V. quadrialira is younger than the highest occurrence of D.
asymetrica. The MFS of the T-R 6B sequence is identifiable on a well log by a slight
positive SP/GR and R well log response (Fig. 11). The MFS of the T-R 6B sequence is in
the lower Blufftown and is roughly 200-250 feet above the Eutaw Formation across the
outcrop belt.
Outcrop 14-5-31-1 is a dark gray aragonitic marl deposited during a sandy
interval occurring in the HST of T-R 6B right below the sequence boundary and MRS.
Outcrop analysis and stratigraphic projection of the outcrops show that the sequence
boundary must be in between outcrops 14-5-31-1 and Locality 585. The contact for this
boundary has not been found but inferred from outcrop analysis and geophysical logs
where there is a significant negative SP/GR signature with a positive R response (Fig 11).
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T-R 6C Cycle

Figure 14. Outcrop 14-5-30-1.
At approximately the MFS of T-R 6C in the upper Blufftown Formation in eastern Alabama.

Locality 585 is marked by cross-bedded sands transitioning into a marl and was
deposited in a lower shoreface facies (Reinhart and Gibson, 1980). Locality 585 occurs
during the TST of T-R 6C. Due to fine-grained sediment and a marine faunal abundance
peak, outcrops 14-5-30-1 (Fig. 14) and 17-6-8-3 closely mark the MFS of T-R 6C. The
MFS of T-R 6C is gradual and is located 50-70 feet below the top of the Blufftown.
Outcrop 17-6-8-4 (Fig. 25) is located 20 feet stratigraphically above outcrop 17-6-8-3 and
is characterized by higher sand content and storm deposit sediments indicating deposition
during the HST of T-R 6C.
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In eastern Alabama, the distinctive ostracod marker A. plummeri occurs in the
upper Blufftown Formation, about 30 feet below the Blufftown-Cusseta contact.
Ascetoleberis plummeri occurs at outcrop 90-3-20-1 in Bullock County and outcrop 14-530-1 (Fig. 14) near the Blufftown-Cusseta contact. The early to mid-Campanian Arcola
Limestone Member of the Mooreville Chalk and time-equivalent strata occur near the top
of the Blufftown across the outcrop belt. The eastern extent of the Arcola is marked by
Outcrop 19 (Smith, 1995) in the far western edge of the study area. Arcola timeequivalent strata is recognized by the presence the A. plummeri Taxon Range Zone, a
pseudo-marker (Puckett, 2005). Ascetoleberis plummeri occurs during the HST of T-R
6C at outcrops 14-5-30-1 (Fig. 14). Due to the time synchronous deposition, the Arcola
Limestone Member can be used as a time datum in the study area.
The Blufftown-Cusseta contact is gradual facies change (Fig. 24) and does not
mark a sequence boundary, just a lithological and facies change from marine to marginal
marine facies. The upper sequence boundary T-R 6C is the surface of maximum
regression in the Cusseta Sand. The sequence boundary between T-R 6 and 7 has not
been found but has been inferred to be between outcrops 17-6-8-2 (Fig. 26) and 17-6-8-1
(Fig. 15) which is separated 40 feet stratigraphically.
T-R 7 Cycle
Outcrops 17-6-8-5 and 14-5-29-1 are both sandy marls containing R. calcarata
and are projected to be above the sequence boundary between T-R 6 and 7. The R.
calcarata Taxon Range Zone is a relatively facies-independent biomarker directly above
the transgressive surface of T-R 7. Using the structural contour map (Fig. 12), R.
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calcarata is projected to be about 50 feet above the Blufftown-Cusseta contact in eastern
Alabama.

Figure 15. The Cusseta Sand at outcrop 17-6-8-1.
The dark gray marl of the Cusseta Sand is overlain by alluvium.

Outcrop 17-6-8-1 (Fig. 15) is a silty clay deposited during the TST of T-R 7 in the
upper Cusseta Sand and is located above the occurrence of R. calcarata. An increase in
the diversity and abundance of planktonic foraminifera indicate that the MFS of the T-R
7 sequence occurs at or near the occurrence of the R. calcarata Taxon Range Zone. The
Cusseta-Ripley lithologic boundary closely corresponds with the MFS of T-R 7. The
Ripley Formation was deposited during the HST of T-R 7 based on the work of King and
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Skotnicki (1989) who identified the lower and mid-Ripley stratigraphic breaks were lowrelief facies changes deposited during a eustatic sea-level drop.
T-R 8 Cycle

Figure 16. Outcrop 14-5-28.
Outcrop 14-5-28 shows the Perote Member of the Providence Sand which is a glauconitic sandy marl.

An unconformity between T-R 7 and 8 marks the contact between the Ripley
Formation and Providence Sand. The Alexander Landing Beds of the Upper Ripley
Formation were deposited during a LST below the Ripley-Providence Sand formational
boundary (Donovan, 1985). The Providence Sand is separated into a sandier basal Perote
Member (Fig. 16), which transitions into a finer-grained upper member (Eargle, 1950).
The boundary between the Perote Member and the unnamed upper member is the MFS of
T-R 8 in eastern Alabama. Above the Providence Sand is the Danian-aged Clayton
Formation, which unconformably overlies the Providence Sand in eastern Alabama.
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CHAPTER VI - Discussion
Sequence Stratigraphic Trends
There is a pattern of coarsening upward sequences bounded by localized flooding
events in the Upper Cretaceous deposits of eastern Alabama. This observation is
consistent with that of Mancini and Puckett (2005), who interpreted that relative sea level
rise and marine flooding occurred in the northeastern Gulf of Mexico from the lateSantonian to the early to middle Campanian. The Coastal Plain in eastern Alabama
prograded basinward due to a higher rate of sediment supply and other local controls in
eastern Alabama during the Late Cretaceous. The nature of these changes varies by
geographic and stratigraphic location. Cross-section locations have been strategically
placed to show this variation (Fig.17).

Figure 17. Map of study area with data and cross-section locations.
Location Key: Red- Geophysical Well Log, Green-Outcrop, Blue-Sample Well. Locations of sites are at Tables 1,2,3. Map was
produced using Petra
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Stratigraphic Trends Across the Study Area
Cross-section E-F (Fig. 18) transitions from the Mooreville Chalk in Bullock
County to the Blufftown Formation in an eastern trend. In western Bullock County, the
Eutaw-Mooreville Chalk contact is a facies change from a shale interval overlain by the
Mooreville Chalk (Fig. 18). The Eutaw Formation is a heterolithic unit and generally
becomes thicker and sandier in a western direction. Due to the sandier lithology, the
Tombigbee Sand Member of the Eutaw Formation is recognized in central Alabama. In
eastern Alabama, GP8- Test Hole #1 shows that the Blufftown Formation has a higher
geophysical response during the indicating a higher siliciclastic sediment concentration in
eastern Alabama. GP 8- Test Hole #1 has a tight sandy interval at -300 SSD which
represents the MRS and the sequence boundary of T-R 6B. The sequence boundary of TR 6 is located at the top of the Mooreville Chalk, which is overlain by the Demopolis
Chalk in central Alabama (Mancini and Puckett, 2005). Geophysical responses and
previous research from Mancini and Puckett (2005) show that the timing of sequence
boundaries in western Bullock County and central Alabama do not correspond with the
sequence boundaries in eastern Alabama.
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Figure 18. Cross-section E-F.
Cross-section was produced using Petra.
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Stratigraphic Trends in Eastern Section of the Study Area
Cross-section B-C (Fig. 19) spans from the outcrop belt to the down-dip area of
the study area near the Chattahoochee River. The Eutaw Formation gradually thickens
and becomes less clastic downdip. However, the thickness and clastic sediment content of
the overlying Blufftown Formation increases downdip. The MFS of T-R 6B is at -550
feet SSD in GP 7- Eufaula Air Force and the sequence boundary is at -350 feet SSD (Fig.
22). The MFS and sequence boundary for T-R 6B is also identified in the GP6-EVA
Comer well at -100 and 50 feet SSD, respectively (Fig. 11). Cross-sections B-C
formation and depositional sequence thickness trends correspond to the eastern Alabama
Coastal Plain structural framework of a 1-degree dip. The MFS for T-R 6C doesn’t
change significantly from its location below the top of the Blufftown between the wells.
In GP 7- Eufaula Air Force (Fig. 19 and 22), the Cusseta Sand is identified by a 30-footthick coarse gain interval. The MRS of T-R 6C and a sequence boundary is identified by
the coarse-gained interval in the Cusseta Sand. This is an unconformable surface where
sediments bypassed the updip sections of the Cusseta Sand.
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Figure 19. Cross-section B-C.
Cross-section was produced using Petra.
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Stratigraphic Trends in Western Section of the Study Area
Cross-section A-D (Fig. 20) shows a gradual coarsening upward trend and no
unconformable surfaces. Wells in western Bullock County, such as GP 18-Schuessler
well and GP 21- Fred Pickett, have very little geophysical response during Mooreville
Chalk deposition. In the more western sections, the Blufftown Formation transitions into
the Mooreville Chalk, which was deposited further offshore (Fig. 20). Hence, the MFS
has a higher geophysical response in the Blufftown Formation than in the Mooreville
Chalk. The GP 28- Texasville sample log identifies and describes the Blufftown as a
sandy marl that is over 1000 feet thick. However, it is likely that the sample well
misidentifies the Mooreville Chalk as the Blufftown Formation. The Mooreville Chalk
has a higher clastic concentration downdip and is identified on some sample wells as the
Blufftown Formation. Due to the lack of erosional surfaces, sequence boundaries in
western Bullock County and central Alabama are correlative conformities. The gradual
coarsening upwards still indicates a prograding basin deposition, but a deeper
depositional environment formed fewer parasequences sets and unconformities.
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Figure 20. Cross-section A-D.
Cross-section was produced using Petra.
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Stratigraphic Trends in Down Dip Section of the Study Area
Cross-section D-C (Fig. 21) contains Upper Cretaceous strata that were deposited
further downdip. The thickness of Upper Cretaceous formations increases downdip, due
to the higher sediment influx and accommodation space. GP 29- Texasville is 20 miles
down dip from GP 6-Eva Comer and the thickness of the Blufftown Formation increases
from 520 to 870 feet thick. The lack of biostratigraphic data inhibits the ability to better
understand lithostratigraphic and chronostratigraphic differences. In this downdip section,
sediment accumulation rates are higher than in the updip sections. In the downdip
section, the sequence boundary in the Blufftown Formation is a correlative conformity
compared to the updip section where the sequence boundary is an unconformity due to
subaerial erosion. Differences in formation and sequence thickness are due to greater
accommodation space downdip and sediment bypass.
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Figure 21. Cross-section D-C.
Cross-section was produced using Petra.
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/
Figure 22. Sequence boundaries, system tracks and depositional sequences of Upper
Cretaceous strata.
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Late Santonian to early Campanian Concretions
There are multiple concretion event layers in eastern Alabama and all Blufftown
outcrops of late Santonian to early Campanian age contain concretions. Concretions are
only present in the sandier section of the lower Blufftown where D. asymetrica or V.
quadrialira Taxon Range Zones occur. The occurrence of concretions in the sandier
intervals indicates some association between concretions and sandier lithologies. The
cause of concretions is still poorly understood, and concretions have been interpreted as a
paleo-groundwater surface or an unconformity (Wilson et al., 2012). Concretions are also
associated with fossils, which may indicate that the fossils provided the calcite for the
concretions.

Figure 23. Outcrop 14-5-31-1.
Outcrop 14-5-31-1 is in the lower Blufftown Formation in eastern Alabama.
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Outcrop 14-5-31-1 (Fig. 23) contains concretions and V. quadrialira and is right
below the sequence boundary of T-R 6B. The top of the Santonian stage is projected to
be above outcrop 2000-6-19-1 but there is not enough evidence to locate that surface. The
concretion event is overlain by the sequence boundary of T-R 6B shown on a well log by
an abrupt sandy tight pitch overlain by fine-grained sediments at 850 feet KB (Fig. 22).
There is no indication that a TST or HST influence the formation of concretions. There
was a rise in base-level between the late Santonian and early Campanian Stages in eastern
Alabama and the higher sea-levels during the Campanian could explain the lack of
concretions.
Blufftown-Cusseta Contact
The Blufftown-Cusseta contact in eastern Alabama is marked by a gradual
transition from the dark-gray, fine-grained marl of the Blufftown Formation to the fine to
medium-grained pale orange sands of the Cusseta Sand. This lithostratigraphic contact is
separated by a thin tidal laminate section consisting of alternating sand and clay (Fig. 24).
The Cusseta Sand and the sequence boundary between T-R 6 and 7 is recognizable on a
well log with a 30-foot-thick coarse-grained section (Fig. 22) that can be correlated
across eastern Alabama. In eastern Alabama, the Blufftown-Cusseta contact is a facies
change from marine to barrier island deposition (Fig. 24). The Blufftown Formation and
Cusseta Sand contact occurs during the beginning of the HST of T-R 6C and, depending
on location, alternates between gradual and sharp.
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Figure 24. Blufftown and Cusseta contact.
Contact at outcrop 17-6-8-2.

Samples collected by Puckett at outcrops 17-6-8-3, 17-6-8-4 and 17-6-8-2,
indicate that ostracod abundance and diversity decrease up-section during the T-R 6C
HST in eastern Alabama. The coarsening upward sequence along with a storm deposit at
outcrop 17-6-8-4 shows a HST before the T-R 6C sequence boundary (Fig. 25). The
Cusseta Sand was primarily deposited in a barrier island facies during a lowering of sealevel and sedimentation rates during the HST of T-R 6C (Cook et al., 2013). Outcrop 145-29-1 (Fig. 26) occurs right above the sequence boundary of T-R 6C and was deposited
during the TST of T-R 7.
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Figure 25. Outcrop 17-6-8-4.
The black marl of the Blufftown is overlaid by a gray sandy storm deposit.

Figure 26. Outcrop 14-5-29-1.
The Cusseta Sand containing R. calcarata.
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The stratigraphic gap between A. plummeri and R. calcarata Taxon Range Zones
increases in a westward direction indicating lower relative sea-level and sediment bypass
during mid-Campanian time in eastern Alabama. The Cusseta Sand becomes finer
grained and eventually pitches out into the Demopolis Chalk in central Alabama. The
Demopolis Chalk did not have as large of a sediment input and was deposited on a calm
shelf platform. There is no unconformable surface found in eastern Alabama, but
geophysical well logs and outcrop evidence show that a low-relief unconformable surface
is present. Therefore, the differences in lithology and biostratigraphic zonations suggest
that a combination of differing sediment accumulation rates and an unconformity can
explain the extent of the diachronous deposition from central to eastern Alabama during
the mid-Campanian.
Arcola Limestone Member Distribution
Ascetoleberis plummeri occurs at outcrops 14-5-30-1, 91-8-13-1, 93-6-10-2 and
90-3-20-1. The Arcola has also been identified on a sample well at GP29-Texasville and
GP28-Mount Carmel wells. These wells are in southern Barbour County in the downdip
portion of the study area where it occurs in the middle of the Blufftown Formation over
500 feet below the Cusseta Sand (Fig. 27). The upper Blufftown may be Demopolis
equivalent in the downdip sections. This may indicate sediment bypassed the updip areas.
The Blufftown Formation isopach map (Fig. 10) shows the formation thickening in a
south and southwest direction. The downdip sections of the Blufftown were further away
from the shoreline and had a progressively deeper deposition. The occurrence of the
Arcola Limestone Member at differing depths below the Mooreville Chalk and Blufftown
Formation top show that time and rate of deposition differs greatly in the study area. That
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also suggests that during the TST of T-R 6C that sediments were bypassing the shallower
marine shelf and that the shelf margin may have been in southern Barbour and Pike
Counties. Further research is now possible by correlating the Arcola Limestone Member
and time equivalent strata across the northeastern Gulf of Mexico.

Figure 27. Cross-section A-D.
The Arcola Limestone Member is shown by the thick blue line. Cross-section was produced using Petra.
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CHAPTER VII – Intrabasin Correlation
Central-Eastern Alabama Correlation
In offshore sections of central Alabama, diachronous deposition and facies
changes present challenges in understanding depositional history. The Alabama River
traverses through central Alabama which cleared a complete stratigraphic section. The
Alabama River composite reference section marks an important offshore area in the
northeast Gulf of Mexico. Due to its complete data set, the Alabama River composite
reference section is an important biostratigraphic marker for global interbasin correlation.
The Santonian-Campanian depositional sequences and formations in central
Alabama do not entirely correspond with the results in eastern Alabama (Fig. 28). In
central Alabama, there are two depositional sequences deposited during the SantonianCampanian age while there are four in eastern Alabama. The Eutaw Formation thickens
in a western trend and it contains a higher sand content. Hence, the Tombigbee Sand
Member is recognized in central Alabama to northern Mississippi (Puckett., 2005). T-R
6A in central Alabama was an aggrading interval where a higher sediment influx led to a
marginal marine depositional environment for the Eutaw Formation. In both eastern and
central Alabama, D. asymetrica occurs in the TST of T-R 6 or T-R 6B. The top of the
Santonian stage is marked by D. asymetrica and the MFS is synchronous in both central
and eastern Alabama.
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Figure 28. Lithostratigraphy, transgressive-regressive cycles, and ranges of ostracods and
planktonic foraminifera from the Alabama River composite reference section (Puckett,
2005) and eastern Alabama results.
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In eastern Alabama, T-R 6B and 6C cycles occurred during the early to middle
Campanian. The maximum flooding surface of T-R 6C is not clearly marked in the
outcrops and can be approximated based on marine fossil abundance in marine strata in
both central and eastern Alabama (Liu, 2007). The MFS of T-R 6 in central Alabama is
due to marine flooding and base level rise of the Mooreville Chalk (Mancini and Puckett,
2005). The upper Blufftown was deposited during a HST where it transitions from a
marine to marginal marine depositional environment and is overlain by the sands of the
Cusseta. My hypothesis is that there is an unconformity in the lower Cusseta which
indicates that sediment bypasses this interval in the updip areas but becomes conformable
in the subsurface. The lack of an unconformable surface indicates that low sedimentation
rates along with low accommodation space slowed down sedimentation in eastern
Alabama at the T-R 6C sequence boundary. The extent of the unconformity is better
understood due to the stratigraphic gap between the A. plummeri and R. calcarata Taxon
Range Zones. The stratigraphic gap between these zones is 250 feet in central Alabama
and only 70 feet in eastern Alabama. The 180-foot difference in section shows the extent
of the unconformity in eastern Alabama during the mid-Campanian.
There is predominantly more clastic sediment deposition and lower relative sealevel in eastern Alabama than central Alabama. The ancestral Chattahoochee River Delta
sediment input along with sluggish sea-levels formed a low-energy shallow marine
paleoenvironment in eastern Alabama. A major source of the sediments and features that
diverted sediments came from the nearby Appalachian Mountains. Higher sediment
influx is due to the ancestral Chattahoochee River Delta and its position of transition
between the Gulf of Mexico and Atlantic Coastal Plains.
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CHAPTER VIII – Conclusion
The integrated sequence stratigraphic analysis using Embry’s (2002) T-R cycle
methodology contributes to a better understanding of Upper Cretaceous stratigraphy in
eastern Alabama. Biostratigraphic work identifying ostracod and planktonic foram zones
provided age ranges for sediments in eastern Alabama. The stratigraphic placement of
biostratigraphic zones shows that the Upper Cretaceous formations from central to
eastern Alabama were diachronously deposited. The timing and rate of deposition differ
across Alabama due to differences in accommodation space and sediment influx from the
ancestral Chattahoochee River Delta.
In the shallower near-shore units of eastern Alabama, T-R 6 contains three T-R
cycles compared to only one T-R cycle in the further offshore facies in central Alabama.
Eastern Alabama was marked by higher clastic sedimentation and lower relative sea-level
during the late-Santonian depositing an additional higher order sequence. The occurrence
of D. asymetrica helped identify the approximate top of the Santonian Stage which is 160
feet above the Eutaw-Blufftown contact in eastern Alabama. There is a late Santonian to
early Campanian aged sequence deposited in the Blufftown Formation in eastern
Alabama that is not found in central Alabama. The physical expression of the maximum
flooding surface of this sequence is the Mooreville tongue in eastern Alabama. The
additional sediment influx and shallower depositional environment formed an additional
sequence during Blufftown Formation deposition.
In eastern Alabama, the MFS of T-R 6C is characterized by an approximate
faunal abundance peak that is delineated from biostratigraphic analysis near the top of the
Blufftown Formation. The mid-Campanian Arcola Limestone Member is a time
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synchronous unit that shows the differing depositional rates from the outcrop belt to the
subsurface. The Arcola Limestone Member is identified from the occurrence of the A.
plummeri Taxon Range Zone which occurs in the Upper Blufftown Formation in eastern
Alabama. The occurrence of A. plummeri in the upper Blufftown shows the extent of
lithostratigraphic formations being diachronously deposited across Alabama during the
mid-Campanian. Evidence has been found that the Blufftown-Cusseta lithostratigraphic
contact is a facies change from a lower shoreface to a barrier island facies. The
Blufftown-Cusseta lithostratigraphic contact was marked by lowering of sea level and
was deposited during HST of T-R 6C in eastern Alabama. The 70-foot stratigraphic gap
between A. plummeri and R. calcarata combined with the lithologic data indicate the
presence of an unconformity where sediment bypassed the Cusseta Sand between T-R 6
and T-R 7 cycles in eastern Alabama. The finding of a higher order late-Santonian to
early-Campanian sequence and the new findings of mid-Campanian sediment
accumulation trends in eastern Alabama contributes to a greater understanding of Upper
Cretaceous stratigraphy.
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APPENDIX A – Data
Table A1. Outcrop Data
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16
15
15
14
14
14
13
12
17
17
17
15
14
14
11
14

8. O-6. Hurtsboro
9. T-1. Saint Josephs
10.M-2. James Sims
11. M-8 A.G Simmons

12. Localty 65
13. Locality 48
14. Locality 50
15. Locality 83
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16. Locality 585
17.Locality 113
18.Locality 113
19. Smith Arcola

29
30
29
20

30
30
30
29

26
30
21
22

29
28
27
27

12
29
5
26

9
22
32
24

17
19
26
6

23
29
3
3

-85.0336
-85.0148
-85.0471
-85.0872

-85.4499
-85.0587
-85.9248
-85.8895

32.22 -85.0781
32.17 -85.044
31.97 -85.1474
32.16 -86.0214

32.48
32.45
32.42
32.28

32.19
32.18
32.08
32.05

32.37 -85.0935
32.26 -85.2504
32.31 -85.329
32.23 -85.3224

450
415
385
355

450
500
415
400

345
374
415
550

462
360
336
323

39
62
121
12

78
72
39
42

1105
711
935
918

152
348
391
415

Blufftown
Blufftown
Providence
Mooreville

Tuscaloosa
Eutaw
Eutaw
Blufftown

Blufftown
Blufftown
Blufftown
Blufftown

Blufftown
Blufftown
Blufftown
Blufftown

Township-N Range-E Section LatitudeLongitude Elevation (FT)Depth (FT) Formation at Top
12
29
3 32.06 -85.1199
428
938 Ripley
15
29
18 32.29 -85.1732
355
404 Blufftown

3. I-5. I.C Davis
4. L-5. Chavalla School
5. M-7. H.H Puryear
6. N-2. A.B Carroll

Sample wells and outcrops
1,W-3. Richard Comer
2. H-15. Bradley Benevolent

Table A2. Guidebooks/Sample Logs Data

Table A3. Geophysical Well Log Data
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